We investigate the possibility of detecting hidden vector gauge bosons at ILC linear collider. The study is performed in the framework of hidden sector extension of Standard Model with 3 degenerate dark gauge bosons. By studying the cross section of pair dark gauge boson with photon at initial state radiation we found that at the energy √ s ≈ 1300 GeV the cross section can be as large as 48f b, the same
There are many possibility for candidate of DM such as weakly interacting massive particles (WIMPs) [28] , super WIMP [29] [30] [31] [32] [33] , asymmetric DM [34] [35] [36] [37] [38] or QCD axion [39, 40] etc. However, DM may have origin from hidden sector [41] [42] [43] [44] etc. In this approach DMs are not particles with SM quantum number and there exists a portal connecting the visible sector to the hidden sector.
WIMPs with mass of order O(100) GeV are among the favoured candidate particles to provide the observed cosmological abundance of DM. Collider experiment can complement to direct and indirect detection experiments which look for signals of WIMPs. Since the WIMPs leave collider experiments undetected due to their weak interaction with matter.
However, the undetected signal or the missing transverse energy (E / T ) can also come from hidden sector DM. Collider searches typically rely on E / T appearing in cascade decays of more heavy exotic particles or through a portal, thus assuming a specific extension of the SM of particle physics.
The process e − e + → γ + "E / T " is an efficient way to explore new physics. One of the great advantages of the e + e − collider e.g. ILC is its clean environment whose initial state is exactly known. This knowledge, in conjunction with the momentum and energy resolution and the high luminosity of the ILC detector, reduces the systematic uncertainties on the measurements. The ILC experiment therefore provides all the requisites for high precision measurements within the SM and physics beyond.
In the SM, the missing energy can be carried by neutrino which comes from the Zexchange in the s-channel and from the t-channel through W exchange. Beyond SM, the E / could come from new generation of neutrinos, radiative production of new WIMP or new particles.
In this work, we will investigate the dark sector extension of the SM [42] . Besides a small number of new parameters, the model has an important custodial symmetry which leads to the degeneracy of the mass of the 3 dark gauge bosons. Since all other particles are SO(3) singlets, any decay of the gauge bosons is forbidden by the custodial symmetry [45] . Thus these dark gauge bosons are stable as required for candidate for DM.
The paper is organized as follows: In section II we will briefly review the dark sector extension of the SM. In section III we evaluated the cross section for the process e − e + → γ + "Dark matter" in the model under consideration. Section IV is dedicated for numerical analysis and finally conclusions in section V.
II.
REVIEW SU (2) L WITH DARK SECTOR MODEL
The non-Abelian gauge dark matter model was proposed in several papers [42] [43] [44] . In this paper we will focus on the model [42] . This model is based on two assumptions. First, the existence of a A µ gauge multiplet associated to new non-Abelian gauge symmetry G D . All 
where in the SM Lagrangian the Higgs potential contains:
If the gauge group G D of the hidden sector is spontaneously broken by VEV φ = v φ , and making the following rotations
where v = v SM = 246 GeV. Within rotation (2) the gauge boson A ′ µ transform into A µ while transform in Eq.(3) leads to the ordinary unitary gauge where the diagrams containing Goldstone boson are ignored. If so the gauge bosons in the hidden sector get mass given by
Then ones get final expression [42] 
where the terms in the second line of Eq.(5) are considered as new scalar potential.
The total scalar potential being sum over the mentioned terms and V SM has the constraint conditions as follows [42] v
In the (h ′ , η ′ ) basis, the square mass matrix is given as
with
The physical states are
where tan 2β = 2m
. Within the above transformation, the SM part is not affected and final Lagrangian in the physical state basis is given by [42] 
where completed list of the notations is given in appendix of Ref. [42] .
From the above Lagrangian it follows that, beside SM parameters, the model has only
Therefore it is potentially investigated at colliders. Now we turn to the electron-positron collision in which there exists an emission of one photon. The above process belongs to the called initial state radiation (ISR). 
The Feynman diagrams giving main contribution to the above process are depicted in Note that due to h − η mixing, ones have coupling of the SM particles with that in the hidden sector as shown in Tables I and II.
In the energy limit where the mass of the electron can be neglected the electron propagator can be approximated as:
The four momentum of the electron and photon can be written as
where the photon fraction energy z = Eγ E and the transverse momentum p ⊥ . The scattering amplitude for the process in Fig. 1(a) can be written as: 
In the limit of the small transverse momentum of the photon p ⊥ = zp 1 , p γ ≈ zp 1 the electron propagator is nearly on-shell, using the spin sum [51]
Using (15) yields
where the splitting amplitude is defined as:
and the coupling constants in (16) are given in Tables I and II. The differential cross section is then be:
The splitting amplitude can be calculated as:
The differential cross-section can be rewritten as:
Similarly we can write the amplitude for the process in Fig.1(b) .
The differential cross section of the process e + e − → 2A + γ can be factorized as following:
where E γ is the photon energy and θ γ is the angle between the photon direction and the direction of the incoming electron beam. The collinear factor F is given as [51] F (x, cos θ)
The cross-section of the process e + e − → 2A is calculated as follows:
IV. RESULTS
The single photon search for new physics leads to SM background which includes mainly:
• Bhabha scattering of leptons with an additional photon, e + e − → l + l − γ, l = e, µ, τ , where γ comes from initial state and final state radiation.
• Neutrinos from e + e − → νν + γ
For the process e + e − → l + l − γ the energy of this type of photon however is small at order of several GeVs and the angle distribution is along the beam (forward and backward The validity of collinear approximation for cross section is discussed in [46] . They have showed that the colinear approximation for the cross section perform well for large angle and high transverse momentum photons.
For the ILC [47] [48] [49] [50] In this limit the expression (23) becomes:
The shape of the photon energy spectrum for several values of the mass of the dark gauge bosons is plotted on Fig.3 . From the figure we can see that the photon energy spectrum almost constant for specific value of the energy of the photon. The higher the mass m A the lower E γ,max . This feature the mass dependent the cut off at the maximal allowed energy of the photon. The shape of the photon energy threshold near its endpoint where the cross section rises.
The cross section for different value of the mass are given in Table III . We evaluated the cross-section with different values of mass of hidden-sector gauge bosons at center of mass √ s = 500 GeV to compare with the background and the WIMPs signal calculated in [46] .
These values are of order 10 −44 cm 2 which equals to that of direct detection [42] and can be comparable with current experiment [56] . However these values are significantly smaller than the background therefore further analysis and methods to suppress the background is needed.
In Fig. 4 we investigate the cross section with the mass of the dark gauge bosons for different values of the center of mass energy. The energy of the emitted photon is integrated from 8 GeV to 50 GeV.
In Fig. 5 Dark matter question is one of the great puzzle in particle physics. The origins and properties of DM are still unclear. For long time WIMPs are the most promising candidate for DM however this assumption is in checked [41] . Hence DM might belong to a hidden sector with new particles without SM quantum number.
Previous studies at colliders often use effective approach for discussing the prospects for discovery of WIMPs dark matter [46, 53, 54] . In this work we have investigated the prospect of detecting the dark gauge boson of the hidden SU(2) extension of the SM at ILC. The mixing of the SM Higgs with the scalar of the new dark gauge group leads to a portal in which the dark gauge bosons interact with matter. However due to small Yukawa coupling the cross section of the process e + e − → γ + 2A is significantly smaller than the SM background (e + e − → γνν). When increase the center of mass energy, the cross section is significantly higher and can be of an order of the irreducible background and as large as the cross section of searches for WIMPs with mass 75 GeV. Therefore, to have deeper insight into this search more work needed to be done. Specifically, evaluate the irreducible of the background and WIMPs signal at the mass of WIMPs equal to 5 GeV in order to compare with cross section of the hidden gauge bosons. Furthermore, to detect hidden SU(2) L gauge bosons, more methods needed to suppress the background and increase the energy of the ILC.
